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1.0 INTRODUCTION

The efficiency of high flying aircraft is strongly dependent
upon the temperature and wind field and especially the horizontal
gradients of these fields along the flight route. The best source
of upper-air data now is satellite radiation observations which
make it possible to derive the vertical profiles of temperature
on a global basis. However, such data are limited to points
along the subsatellite tracks which are 3000 km apart at the
equator, or to two additional points between tracks (for SIRS B).
The purpose of this study is, therefore, to find a method of
estimating the values at any location between tracks thus increas-
ing the horizontal resolution of the radiation data for the
particular case of Nimbus III IRIS observations. The result is a
more detailed estimate of the horizontal gradient, at each pressure
level, of the temperature and height fields from which winds can
be derived.

Nimbus III carried two experiments in which the spectral
radiances in relatively narrow intervals were obtained and from
which temperature profiles can be derived. One of these was the
Infrared Interferometer Spectrometer, IRIS, which is described
by Conrath, et al (1970), and Hanel, et al (1970). Briefly, the
IRIS measures the radiances in narrow (5 cm_l) spectral intervals
from 400 to 2000 cm-l (5 to 25-micron). For the research reported
1

here use was made of only two portions, the CO2 band at 667 cm”

-1
and the atmospheric window at 900 cm ~. In addition to the spectrometers,



Nimbus III also carried a Medium Resolution Infrared Radiometer, MRIR.
This instrument is a five-channel scanning radiometer. It, or variations
of it, has been used on meteorological satellites since TIROS II and has
been described in the Nimbus III User's Guide. The five wave length
regions are fairly broad. The one which concerns us here is the 645-
690 cm-l (15-micron) CO2 absorption band.

The IRIS on Nimbus III viewed only in the nadir direction,
resulting in coverage only along the subsatellite track. The
MRIR mirror, on the other hand, scanned from horizon to horizon
resulting in complete coverage between subsatellite tracks. The
MRIR 15-micron channel overlapped some of the IRIS frequencies
used to derive temperature profiles. The gradients of the MRIR 15-
micron radiance between tracks should thus reflect, to a reasonable
degree, the horizontal temperature gradients sampled at subsatellite
intervals by the IRIS l5-micron spectral data, at levels for which
there is consideralile overlap in the weighting curves (Figure 1).
For the less opaque spectral intervals that are weighted heavily
in the lower troposphere and whose weighting curves overlap very
little with the MRIR weighting curve, the IRIS gradients correlate
less with MRIR gradients. There is not complete correspondence
between these gradients, of course, as many different temperature
distributions can result in the same value of the MRIR l5-micron
radiance. However, the research reported here was based on the
premise that the atmosphere changes in a reasonably ordered manner,
at least over the distances between orbits, over the time between
orbits and in the part of the atmosphere of interest, i.e., the

stratosphere.



2.0 THEORY

2.1 Radiative Transfer in the Atmosphere

The radiances received at the satellite depend on the emission,
absorption, and scattering of the intervening atmosphere, as well
as on the emission and reflection of eartht!s surface. If scattering
in the atmosphere and reflection of the surface are neglected,

the spectral radiance can be expressed as

P
-8 91 (v,p)
I(v) =€ _Bly, T_(P )7 (v, P) - th B [v, T(p)] _g_#dlnp (1)

The first term on the right of (1) is the component of rad-

iation emitted by the surface (cloud or ground) at temperature Ts'

TS is the atmospheric transmission at the surface and GS is the
emissivity of surface and is assumed to be unity for this work.
B(v, Ts) is the Planck radiance. The second term is the contribution
to the radiance by direct emission of the atmosphere. The logarithm
of pressure has been chosen as the independent height related variable.
The pressure level Pt is the top of the atmosphere above which the
atmospheric contribution to the radiance is negligible. Pt is taken
as Q1 mb in this report. Bl[v, T(p)l is the Planck radiance and
a1(v, p)/d-(hlp) is the change of transmission with change of pressure,
called the weighting function.

The second term on ;he right of Eq. (1) is by far the most

important term for vertical sounding although the first term is not



negligible for some spectral intervals. The first term dominates in
determining the surface temperature.

2.2 Weighting Curves

The spectral transmittance T of an atmospheric gas between

the pressure level, p, and the satellite is

T (v, p) = exp| -

0 (-

p
fki (v, p) q, (p) dp (2)
0

where g is the acceleration of gravity, and ki is the absorption
coefficient of constituent i. The mixing ratio of that constituent

is q;- For the work reported here, the transmittances used were those
reported by Smith (1969) in which he used a polynomial to fit the
experimentally determined transmission values for the 15-micron CO2

and the rotational H20 data. Smith'!s tabulated regression coefficients
are for 5 cm - spectral intervals.

It was found that these CO2 transmittances were somewhat too large.
Often the absorption coefficients are determined by laboratory work
using generally much shorter path lengths than found in the atmosphere.
As a consequence, when the laboratory measurements are extrapolated to
atmospheric conditions errors occur. The transmittances were adjusted
by shifting 7 along the pressure ordinate until the computed radiance
using radiosonde soundings equaled the corresponding measured radiances
for the spectral intervals of IRIS. Over 100 pairs of cloud-free radio-
sondes and IRIS radiance sets were used to derive this pressure adjust-

ment factor; all computed transmittances were based on the value of this

factor. 4



oT
8lnp

If temperature is known then can be computed and

the weighting curves constructed. The weighting curves corresponding
to the 5 cm-1 spectral intervalé used in this study are shown in
Figure 1. In the selection of the eleven 5 c:m"l spectral intervals,
all of the weighting curves from 667.5 to 257.5 were calculated and
plotted. It was found that for wave numbers of 717.5 cm"1 and longer,
the weighting curve shifted to higher layers in the atmosphere and then
shifted to lower layers duplicating the smaller wave number weighting
curves. For the spectral resolution in the 5 cm"1 spectral interval
representation of the transmittances used here very little vertical
resolution can be obtained in the weighting curves for intervals
between 712.5 to 757.5 cm-l. B. Gonrath * (private communication,
1971) has been able to show that better vertical resolution of the
weighting curves is possible in this region of the atmosphere by
using another method of resolving the spectral lines for the cal-
culation of T .

Figure 1 shows that various layers of the atmosphere are weighted
differently in different spectral intervals. In principle, the
temperature can be determined from Eq. (1) if the radiance is known.
Thus, by measuring in several spectral intervals from the strongly
absorbing center (667.5 cm-l) of the 002 band, to the weakly
absorbing wing (757.5 cm—l), several temperatures can be determined
representing different layers in the vertical such as those shown in
Figure 1. However, in practice, this approach results in unstable
solutions because of the overlap in the weighting curves and the

sensitivity to random errors in the measurements.

*Dr. Barney Conrath, Radiations Branch, NASA-Goddard Space Flight

Center, Greenbelt, Maryland.
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2.3 Methods to derive temperature profiles.

Since it was first suggested by King (1958) and Kaplan (1959)
that temperature profiles could be obtained from spectral measurements
in the 002 bands much work has been done to develop techniques resul-
ting in stable, physically meaningful temperature profiles (King (1964),
Wark and Fleming (1966), Rodgers (1966), Strand and Westwater (1968),
Chahine (1968 and 1970), Barnett (1969), and Smith (1970)). These
methods can be divided into two general classes: One is a statistical
technique which relies on the correlation of the behavior of the
temperature profile, usually radiosondes, and the behavior of corre-
ponding measured radiances. The other one is an iterative estimation
technique which employs only the measured radiances; however, it does
require knowledge of the water vapor distribution and a surface tem-
perature.

The latter technique was employed in this research, one proposed
by Chahine (1968) and applied successfully by Conrath, et al (1970).
In this method the temperature profile is represented by the tem-
perature Ti (i=l....,M) for M predetermined anchor pressure levels.
Each anchor level is paired to a given spectral interval, and the

radiance associated with that level is calculated from

T -
8(s Tn+1)= (v) -Bly, T ) 7 v P n
- - B(v, T,)
I (ui) -B(v,, T) 7 (v, P)
1 S 1 S

(3)

where TinTl is the (n+l)st estimate of Ti and In(u,) is the computed
i

radiance from Eq.(1l) using the nth estimate of the temperature profile



consisting of linearly interpolated temperatures between anchor levels.

The measured radiances from IRIS are designated by 1 hq). A first
guess of a temperature profile is required to start the iterative
scheme. The iteration is continued until the RMS difference between
the calculated and measured radiances is less than a preset value.

The selection of the anchor pressure levels was made by requiring
them to be at or near the level of the peaks of the weighting curves.
Five July standard atmospheres (U.S. Standard Atmosphere, Supplement,
1966) representing five latitude bands were used to calculate the
weighting functions. The latitude bands are 0-22.5°, 22.5-37.5°,
37.5-52.5°, 52.5-67.5°, and 67.5°-90°. Small deviations from the
weighting curve peaks were allowed to improve the definition of
certain expected characteristics of the temperature profile; mainly,
the improved definition of the tropopause. When the data were being
processed, a different set of anchor levels was used for each latitude
band.

2.4 Geopotential Height.

Once the pressure-temperature relations are derived by the
iterative technique, the geopotential height can be determined
from the hydrostatic equation. The height at some pressure level
must be known to start the integration. For our work the initial
heights were specified from nearby radiosondes. From the gradient
of the horizontal height field determined from many temperature

profiles, the geostropic wind field can be specified.



3.0 DATA

Three types of data were used in this study: MRIR 15-micron and
IRIS radiation data both from Nimbus III, and radiosonde data. The
35-day period for which data were analyzed was June 15 to July 20,
1969. This period was dictated because it was the only time for
which IRIS data were available when this study began. These data
had been reduced and formatted on tape for another requirement, and
they were made available for this study.

Because the winter stratosphere has much larger horizontal
temperature and geopotential height gradients than the summer
stratosphere, it would have been more desirable to use winter data.
The IRIS of Nimbus III lasted only from launch on April 14 to
July 20, 1969, and therefore winter data for the nothern hemisphere
were never recorded.

Unfortunately, the IRIS data that were available were noisy.
The random noise was caused by electrical interference initiated
during the playback mode. The noise was lessened in magnitude and
frequency with time after each playback, so that until just prior
to playback again, the data were relatively free of noise. No
attempt was made to use only the relatively good data; however,
all data were smoothed spectrally and averaged spatially during
the interpolation process.

The IRIS instrument had a field-of-view of 150 km on a side,
and it viewed only in the zero nadir direction. The MRIR, on the

other hand, had a field-of-view of 60 km diameter and scanned from



horizon to horizon perpendicular to the subsatellite track. The
sampling rate and the forward motion of the satellite provided
contiguous viewed spots in all directions. Very nearly 2.5 MRIR
viewed spots fall along the IRIS viewed spot dimension. This
distance is nearly 2 times 0.65° latitude or 2 times 0.65° longi-
tude divided by the cosine of the latitude. Thus, the MRIR 15-micron
values located within this distance of the IRIS center location were
averaged and used with the IRIS values. The same procedure was also
used to find an average MRIR 15-micron value for the radiosonde
location.

The radiosondes serve four purposes in this work. First, they
provide water vapor and surface temperature information necessary
to the solution of the radiative transfer equation during the iterative
procedures of deriving temperature profiles. The surface (shelter)
temperature is necessary to determine if clouds are in the field-of-
view. Second, the radiosonde temperature profile and its vertical
extrapolation above recorded levels is used as an initial guess in
the iterative scheme to derive temperature profiles from the IRIS
radiances. Third, a radiosonde height provides the initial height
for integrating the hydrostatic equation for IRIS derived temperatures.
Fourth, the radiosonde is used for verification of the derived temp-
erature and height profiles. A description of the data processing
and the special treatment of the radiosonde and IRIS data is given
in Appendix A.

The main objective of this study was to determine the temperature

and horizontal geopotential height fields at stratospheric levels.



One approach to determine these parameters was to assume clouds had
little or no effect on the IRIS radiances above the 100-mb level.
Using the six most opaque spectral intervals of the IRIS data, tem-
perature profiles were derived. The geopotential heights were found
by integrating the hydrostatic equation using this derived temperature
profile and starting with the radiosonde 100.mb height. 1In addition
to the above approach, it seems desirable to derive the temperature
profile starting at the surface to obtain heights. The surface
parameters are generally defined with better resolution and are more
readily available than the 100 mb data. This section treats the
corrections needed for clouds, as well as for high terrain and hot
terrain, and thus permitting the derivation of temperature profiles
from the earth's surface.

Clouds generally exist within the field-of-view of the IRIS
instrument, and hence reduce the measured radiance for the less
opaque intervals that would otherwise be measured for a cloud-free
atmosphere. It is necessary to correct such cloud contaminated
measurements. The uncertainty of the cloud corrections is probably
the single greatest source of error in the final temperatures, as
the measured radiances themselves provide no information below
cloud level.

To determine if a correction is necessary and then to determine
the correction an independent estimate of the earth's surface temper-
ature must be available. This temperature is taken as the shelter

temperature from the radiosonde sounding and applied to each of the

10



IRIS sets in the interpolation group. The other quantity necessary to
determine a correction is a window channel effective radiative temperature,
Te’ from the average spectral radiances.

If the shelter temperature is 5C greater than Te, clouds are con-
sidered to exist in the field-of-view. If the shelter temperature is
5C less th;n Te’ hot terrain conditions are considered to be present.

If the shelter temperature is within TSC of Te, the atmosphere is treated
as being cloud-free and no corrections are necessary, unless the location
meets the high terrain qualifications. If the elevation is greater than
500 mb above sea level the clouds are assumed to reach the ground in this
two~cloud level model. Hot terrain occurs when the earth!s surface is
much hotter than the near-surface air resulting in a much higher Te than
shelter temperature. If the TIRIS radiances were left uncorrected for
this hot terrain, erroneously warm temperature profiles would occur in
the lower troposphere.

The corrections for clouds, high terrain and hot terrain follow
very closely the technique given by Smith, et al (1970). They have
developed a two-level cloud model to describe the cloud distributions
from SIRS radiances and subsequently to compute radiance corrections
needed to determine the temperature profile. This method can be used
equally well on the IRIS data with only minor changes. For completeness,

a small portion of Smith's development is repeated in Appendix B.
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4.0 INTERPOLATION PROCEDURE.

This section contains a description of the procedures used
to derive the temperature and geopotential height profiles from the
IRIS 15-micron spectral data for locations away £from the subsatellite
track. A set of equivalent clear-column IRIS 15-micron radiances is
determined from the original measured set for locations surrounding
a radiosonde location. A regression relation is established between
gradients of the MRIR 15-micron radiance and the gradients of each
of the clear column IRIS radiances for all combination of locations
surrounding the radiosonde. An average IRIS radiance set is found
from the regression relation, distance weighted, at the radiosonde
location. A temperature profile is found by the method of Section 2.3.
The temperature profile is subsequently adjusted, equally at all levels,
until the measured MRIR 15-micron radiance equals the computed radiance.
The height profile is found by integrating the hydrostatic equation
starting with the station height or 100-mb height of the radiosonde
using the IRIS derived temperature profile.

The IRIS radiances, corrected for clouds, hot terrain, and high
terrain were interpolated to the radiosonde locations. The computer
algorithm required at least four IRIS sets for each interpolation,
of which at least one set is from each of the two subsatellite tracks
considered. Because the data were often noisy, the available IRIS
data were reduced considerably before the interpolation was carried
out. Figure 2 shows a typical case for which a set of IRIS radiances
is desired at the circled dot location where only the MRIR 15-micron

radiance is available, and both IRIS and MRIR 15-micron radiances at

12



the surrounding solid dot locations are given. The locations of
the solid dots in these two nearly north-south tracks were chosen
by the method discussed in Appendix A. They represent locations
of the IRIS data along two successive subsatellite tracks. The
circled dot location represents any arbitrary location. For
operational use, using this technique, the location might be
equally-spaced grid points for which temperature and height values
are desired. To verify the interpolation procedure and the temperature
profile derivation technique, the circled dot location was chosen here
to be at the location of a radiosonde. In further discussion of this
location it will be referred to as the radiosonde location, but it
can be any arbitrary location within the confines of the two tracks.
Along the tracks, only data which are less than 20° of latitude from
the radiosonde location were used.

Eq. (1) for each of the IRIS spectral intervals and for the MRIR

15-micron channel can be written, respectively, as

P
1) =Blv, T (P)] 7_ (v, P) - [ °Bly, T(p)] ﬂ—g(l’:—‘i dinp  (4)
p Inp
t
and
_u2=612.5
M) =[ Bly, T, (PO T (v, P) ¢ (v) dv
v, =T717.5
1 (5)
P
Fo 8 ot(v,p)
—j j Blv,T(p)] 8—1—’-& ¢ (v) dlnp dv
1 P o

t 13



where I and M are the spectral radiances and ¢ 1is the filter function
which is zero outside of the interval V1 to Vz .
The difference in the radiances due to the differences in the

temperature profiles from one location to another, can be written

P
S
AI = - a ( )
) =AIBOL T) 7 (0, P)1 - [ 4 {Bly, T(p)] 2By (e
P
t
and
v, = 612.5
aMm= [ a{Bly, T (P)] 7 (v, P} ¢ (v) dv
v, = T17.5
2 Vs o7 [y, T(p)] 7
) T
- f jA {B[v, T(p)] ——;—'l?pp_} ¢ (v) dinp dv
vy Py

Thus the changes in the radiances are due to the changes in temperature,

mostly through B . Changes due to the changes in the

dlnp

absorbing gases are negligible. For the stratosphere, this is an

especially good assumption over the distances considered. Only CO2

(always considered constant) and H,0 (which has little effect in the

2
stratosphere) are active constituents in this spectral region.

The changes in the MRIR radiances are associated with the changes

in the IRIS radiances through a scheme that will permit a set of IRIS

14



radiances to be specified at a location for which there is only the
MRIR radiance. The following considers only one IRIS spectral interval.
There are actually eleven different IRIS intervals and the same pro-
cedure applies to each. Figure 2 shows an example of a situation that
can exist. The solid dots represent the locations for which both MRIR
and IRIS are sampled along two successive subsatellite tracks. The
circled dot represents a location for which only the MRIR exists and

for which we want to determine the IRIS radiances. Separate regression
analyses will be made for each point for which interpolation is desired
to relate gradients of the IRIS and MRIR radiances between known points
surrounding the interpolated point. The resulting regression equations
will be applied to determine the change of the IRIS radiance between
each known and interpolated point. The regression equations for the

components of the change can be written

oL oM
Bx % Pxox 8
and
o1 oM
——X =a - b —l (9)
oy y yoy
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where I refers to the IRIS radiances
M refers to the MRIR radiances

x and y refer to the axes of a rectangular coordinate system.

The constants are determined from the normal equation of the form

n BIx i BMX
— =na +b —_—
=1 9% X X 2 ox (10)
and
i BIX BMX i BMX n /oM > 2
—= =a 2 ) X
=1 9x  9x xi=1 ox Xi=1 ox (11)

a similar set of normal equations apply to the y component. With these

regression equation, IR » the IRIS value at the interpolated point, can

be determined by

BMR_ 2 [ OMR 2 )1/2
W, I+ a +b +1 a +b —
1 J J X X y

IR =

=]

ox y oy

j

-4

(12)
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where wj are the distance weights such that

m
) ow, =1 (13)
j=1 3
OMR dMR
Ij are IRIS radiances at the known points. . and -—5—41
y

are the components of the MRIR gradients between the known and interpolated
points.

This scheme has tﬁe property of weighting the data nearest the
interpolated point heavier than farther points and also specifies the
IRIS radiances between subsatellite tracks to the dagree they are
accounted for by the MRIR gradients. For the less opaque spectral
intervals that are weighted heavily in the lower troposphere and whose
weighting curves overlap very little with the MRIR weighting curve, only
a small contribution is provided in the interpolation by the correlation
with MRIR gradients. 1In these cases the interpolation reduces to one
of almost strict space weighted interpolation.

After the IRIS radiances were interpolated to the radiosonde location,
a temperature profile was dz2rived by the method of Section 2.3. Using
this profile and the water vapor mixing ratio profile from the radiosonde
at the interpolation point, the radiances for the MRIR l5-micron channel
were computed and compared to the average observed MRIR radiance. If
the two were more than 0.01 x 10-5 watt c:m-2 steradian"1 different,
the temperature at each level was increased or decreased by 0.1C

depending on the sign of the difference. This procedure was continued

until the radiances agreed to within +0.01 x 10-5 watt cm-2 steradian-l.

17



This procedure generally required less than 10 iterations for the criteria
to be met, which means that the profile based on the interpolated

IRIS radiance was changed by less than 1C at all levels to get the
measured and computed MRIR 15-micron radiances to agree. If the iter-

ation repetition reached 25, the profile was eliminated from the sample.

18



5.0 RESULTS

5.1 Plotted Comparison of Radiosonde and IRIS Temperature Profiles

In Figures 3, 4, 5, and 6, a comparison of the IRIS derived tem-
perature profiles with corresponding radiosonde temperature profiles is
made. They were chosen to represent low, lower middle, middle and high
latitude profiles. Aside from the latitude restrictions, the cases were
chosen at random from the first three observation times of the period of
our data sample. The solid line in Figure 3 represents the radiosonde
temperature profile taken at Guantanamo, Cuba located at 19.9N, 75;2W
1200 GMT on June 16, 1969. The dashed line is the IRIS derived profile.
The IRIS profile resulted from seven sets of IRIS spectral data that
were interpolated to the radiosonde location. The IRIS data were
recorded on two successive orbits, the subpoint tracks of which fell
on both sides of the Guantanamo station. They were taken approximately
4 and 5.5 hours later than the radiosonde time. Five of the seven sets
of IRIS data were corrected for low level clouds. One set, which was
recordad over land, was corrected for hot terrain. The data recorded
over land, during the daylight portion of orbits (near local noon),
for clear skies, often require correcting for hot terrain due to the
solar heating of the earth's surface resulting in a very strong lapse
rate near the surface. The other set of IRIS data required no cor-
rection whatsoever. The two profiles compare fairly well; there are
some differences as one would expect since the derived profile is
defined for only 11 points in the atmosphere. One of the most striking
features of this comparison is the accuracy with which the tropopause is

defined. The choice of pressure levels used to represent the spectral
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radiances of IRIS in this method of deriving profiles is, to a certain
degree, arbitrary. The main consideration, of course, is that the
pressure level be near the level where that particular spectral interval
has a peak in its weighting function. But the levels were specified

in such a manner as to improve the definition of the tropopause and
other expected features of the different latitude-dependent soundings.

A better comparison of the two types of profiles is shown in
Figure 4. The radiosonde profile here is for Shionomesaki, Japan taken
at 1200 GMT on June 16, 1969. The tropopause is higher than on the
previous sounding. The important point here, however, is that the
radiance-derived sounding also specifies the tropopause quite wellj;
although at 80 mb instead of 77 mb for the radiosonde sounding. The
two soundings agree quite well, never departing more than 4C at any
height. The IRIS sounding was derived using four cloudy IRIS radiance
sets taken at night on the southbound portion of the orbit approximately
2 and 3.5 hours after the radiosonde time.

Figure 5 shows the comparison of the Maniwaki, Quebec sounding taken
at 1200 GMT on June 16, 1969 and the corresponding IRIS temperature profile.
This case is typical of a middle latitude, summer hemisphere temperature
distribution. Contrary to the two previous samples, this one does not
have a very well defined tropopause, yet the two soundings compare very
favorably throughout the atmospheric depth of interest, never departing
by more than 4C at any level. It should be pointed out that the IRIS
sounding will not define the small perturbations that show in the
Radiosonde sounding (e.g., the isothermal layer from 35 to 25 mb)

because the technique defines temperatures only at predetermined levels.
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The IRIS profile was derived from a set of data interpolated from

seven surrounding IRIS radiance sets. In this case there were high
clouds along the subsatellite track to the east of Maniwaki, and to

the west there were hot terrain conditions. Corrections were applied
accordingly. The IRIS data were recorded approximately 4 and 5.5 hours
later than the radiosonde data on two northbound orbits at near local
noon.

The comparison of the radiosonde and the IRIS temperature profiles
in Figure 6 is not as good, at least below the tropopause, as in the
previous examples. Above 200 mb, however, the two profiles agree very
well.

5.2 Verification Statistics

The ultimate test of any new method is to compare the results
with those of some accepted standard. Figure 7 depicts the variation
of the RMS difference between the radiosonde and the interpolated, IRIS-
derived temperature for five latitude bands. The RMS differences were
calculated and plotted at the 15 mandatory pressure levels from 1000 to
10 mb. It can be seen that the differences are much greater in the
troposphere than in the stratosphere. Except at 20 mb in the tropics,
the RMS differences in the stratosphere are generally between 2C and
5C. The 10 and 20-mb RMS differences for the tropical case were based on
only 7 and 23 cases, respectively, and are, therefore, probably unreliable.
Except, again, for the tropical and arctic cases, the RMS differences
are less than 5C for the troposphere above 300 mb., There are large
RMS differences at 400 mb for all but the high latitude case and at

1000 mb for all but the tropical case.
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When the sign of the difference (cadiosonde minus IRIS at these two
levels is considered (Figure 8), it is found thét at the 1000-mb level,
the IRIS temperature is practically always warmer than the radiosonde.
On the other hand, the radiosonde is always warmer than the IRIS tem-
perature at 400 mb. Of course, the reason for the reduction in the
RMS difference near 700 mb is due to this change in sign and to the
fact that IRIS temperatures are determined only'at these two levels
and interpolated in between. There are two possible reasons for the
cooler IRIS temperatures at 400 mb. First of all, the pressure
adjustment factor used to improve the transmittance values, may still
be underestimated for the spectral interval corresponding to the %400 mb
level. This underestimation would result in computed temperature values
being too low. Second, the correction technique for the cloud con-
taminated radiances results generally in too low temperature values.
Probably both of these causes contribute to the low IRIS temperature.

On the other hand, the high 1000-mb temperature can not be explained

by the cloud correction method, although an erroneous pressure correction
has probably resulted in an overestimation of the temperatures at this
‘'spectral interval. Another factor that may contribute to the over-
estimation of the 1000 mb temperature is the method used to specify

the surface for cloud correction cases. The surface (shelter) temper-
ature of the radiosonde was used to specify the surface temperature

for all surrounding IRIS sets. A method that might improve the specifi-
cation of the surface temperature is one that interpolates the horizontal
surface temperature‘field using all available surface information for
the most recent observation time, and then to specify the diurnal tem-

perature change since the observation time.
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Figure 9a and 9b show the RMS difference (radiosonde minus IRIS)
in the geopotential height field. Figuée 9b is based on the integration
of the hydrostatic equation using IRIS temperature starting with the
100-mb radiosonde height. The RMS differences for stratospheric levels
are from about 100 to 300 meters in (a) but are only 20 to 160 meters
in (b). 1In Figure 10a and 10b the average height differences are
plotted for each of the latitude bands. 1In Figure 10a the trobical
curve extends -beyond the limit of the graph between about 300 and 180
mb with a maximum of 194 meters at 250 mb and again above 25 wb with
a maximum difference of 250 meters at 10 mb. 1In both Figure 9 and 10
it is apparent that cumulative differences occur due to the integration.
Therefore, the differences are much smaller in the stratosphere when
the integration is started at 100 mb than when the integration is begun
at the surface. Because the geostrophic wind is dependant upon the
horizontal gradient of the height fieyd and not upon the absolute
value of height at any level, the cumulative errors of height might
be less significant than those of temperature when estimating winds.

The horizontal gradients of heights are compared in the next section
in the form of maps.

Table 1 shows the correlations level by level between the radiosonde
and IRIS derived temperature profile. The correlation coefficients for
the individual latitude bands are less than the corresponding coefficients
when all latitudes are included in single data sample. This is because
the average large-scale temperature change from the pole to the equator
is well correlated, but the much smaller variability within any. one

latitude band is much less correlated. The IRIS measurements and the
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temperature reduction technique cannot specify the small-scéle vertical
temperature changes that are shown in the radiosonde profiles, although
the large-scale temperature changes are quite well determined. Because
the IRIS measurements were smoothed due to noise and because the
reduction technique specifies temperatures at only 1l pressure

levels and intermediate levels are interpolated, it is not expected
that the small-scale changes in the vertical will be specified as

well in the IRIS as in the radiosonde temperatures.

Table 2 shows the correlation of heights for both the surface
integration and the 100-mb integration of the hydrostatic equation.

The correlation of the heights at levels above 100 mb is naturally much
improved when the integration starts at 100 mb, rather than at the surface.
The RMS difference (Figure 7) and the absolute difference (Figure 8) of
temperature show a minimum at 100 to 70 mb for all latitudes. The
correlations (Table 1) are greatest, as well, at these levels. These

facts are significant because the MRIR l5-micron weighting curve (Figure 1)
shows a maximum near these levels, indicating that the interpolation is
best at those levels that contribute the most to the measured MRIR
radiances.

Because there is a systematic difference in the IRIS derived and
the radiosonde temperatures, the interpolation method may be improved
by eliminating this difference. The improvement can be made by finding
the cause for the difference and correcting it, or for any data set,
simply subtracting the mean of the absolute difference from the derived
temperature at any level. For example, at 400 mb (a level for which
temperature is derived from the IRIS interpolated data) for the 0-22.5°

latitude case, the RMS difference can be reduced to 4.1K by subtracting
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the square of the absolute difference, 64.0° (Figure 8) from the square
of the RMS difference, 81.0° (Figure 7) and taking the square root. The

improvement is from 9.0K to 4.1K.
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5.3 Comparison with NMC Analysis

An area with good satellite data coverage and a time which had
relatively moderate horizontal temperature and height gradients was
selected to show the operational potential of the technique to
improve the description of these variables between subsatellite
tracks in the stratosphere. The area chosen was 50W to 30E, and 40
to 68N, so as to have the least time difference with the 1200Z NMC
map which was used for comparison. Data from orbits 913, 914, and
915 -on June 21, 1969 were used to construct the IRIS maps. The data
from orbit 913 over this area was recorded from approximately 0943 to
0952, orbit 914 from 1130 to 1139, and orbit 915 from 1317 to 1324 GMT.
Thus the data to the east of Greenwich was taken slightly more than 2
hours before the radiosonde data, the satellite data near and just to
the west of 0° was taken just prior to the radiosonde, and the data
over the western portion was taken more than an hour after the radiosonde.

For this application, no use whatsoever was made of radiosonde data
except to Specify the 100-mb height field for determining, hydro-
statically, the heights of higher levels. Because only stratoshperic
levels were used, surface temperature was not needed and water
vapor was specified from climatology. The iteration to derive temp-
erature profiles was initiated by using an isothermal profile of 250K.
Temperature and height profiles were computed at each intersection
of a 4° longitude by 4° latitude grid for which radiation data existed
over this area.

Figure 11 is a portion of the NMC 100-mb map for this area showing

the temperature and height field. The orbital tracks along which
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IRIS data were observed, on this and subsequent maps are shown for
reference. The height field from this map was used to determine higher
level heights from the IRIS temperature profiles. The temperature field
shows a warm center near 10°W, 55°N and with a relatively large thermal
gradient (for a summer map) over the southwest region. Figure 12
shows the interpolated IRIS temperature field at the same 100-mb
level. The warm center and the strong gradient are both well defined;
in fact, both the pattern and absolute values of the isotherms are
in good agreement with the NMC analysis over the entire map. It is
interesting to note that the interpolated IRIS data reveals the
eastern extreme of the warm -50C center in complete agreement with
the dense western European radiosonde data. Had only subsatellite
radiation data been available, this would probably not have been shown
as far to the east. However, over an area for which no radiosonde
data were available, the IRIS interpolation indicates a warm trough
in the -55C isotherm along 20W, not shown in the NMC analysis, yet in
agreement with the NMC trough in the -65C isotherm at 33W and 33N
(beyond the border of the reproduced map).

Figures 13 and 14 show respectively, the NMC and the IRIS temp-
erature and height analysis for 50 mb. The warm trough in both
figures is in good agreement, although the IRIS -50C trough is about
10° east of the NMC trough. The NMC position is well supported by
the available but sparse ocean station data, so the difference is
not readily explainable. The IRIS map defines the feature quite
well and the magnitudes of the isotherms agree well. The northward

bending of the -55C IRIS isotherm at 20E is not shown by the NMC
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analysis, but can be justified by the radiosonde data. The difference
in analysis here can be attributed to the greater smoothing of the
NMC procedures. It is interesting that the radiation data supported
an analysis which the conventional technique ignored. Again, if only
spatial interpolation from one subsatellite track to the next was used,
this feature would have been missing on the IRIS analysis also. The
IRIS map does not show the -45C isotherm that appears on the northern
boundry of the NMC map because of the lack of radiation data here on
this day. The temperature fields in Figure 15 and 16 for the 10-mb
level do not compare as favorably as on the 50-mb map. The NMC map
shows a warm tongue of -30C farther west thanm the IRIS map. The NMC
~-40C cold center along 5W does not appear on the IRIS map. Inspection
of the radiosonde data shows wildly different temperatures in this
area, such as -26C adjoining -43C. The IRIS analysis appears as justified
as the NMC in this instance considering the number and variance of the
few reports available on this map. The IRIS map also shows much more
detail than the NMC map.

The NMC automatic analysis employs extensive smoothing with
an initial scan over 5 NMC grid points, even where data are plentiful.
Also over this part of the ocean where there may be only 2 or 3
radiosonde stations, it may not be possible for the NMC analysis to
detect such small scale features as the low center at 30W on the IRIS
map at 50 mb. Another factor contributing to the uncertainties,
especially at 10 mb, is that radiosonde data are extrapolated
vertically when they do not reach these levels. 1In addition, it is
not uncommon for heights at 10 mb to differ by 100 meters and

sometimes even 200 meters between neighboring stations only a few
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hundred kilometers apart. The standard deviations determined from
the radiosonde data used in Section 5.3 for heights at 50 and 10 mb
are 121 and 258 meters, respectively, while for the IRIS heights, the
standard deviations were 105 and 270 meters, respectively. Although
the agreement at 50 and 10 mb in the height field is not good, the
uncertainties in the ITRIS values are probably no greater than those
of the radiosondes at these levels,

Hence it appears possible that the interpolated radiation
data can provide more detailed, and as reliable, information as can
be estimated from NMC data. It is paradoxical, however, that the
thermal fields from independent data appear to agree better than

the height fields which are based on a common 100-mb base.
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5.4 Sources of Error

There are many factors that contribute to errors and uncertainties
in the temperature and geopotential height profiles derived by the
procedures used in this study. Some of them are:

1. Foremost, perhaps, are the errors introduced when clouds
contaminate the radiances. These errors are certainly more severe in
the troposphere than in the stratosphere because of their more frequent
occurrence in the lower atmosphere. Clouds may have, however, a sig-
nificant effect on the stratospheric temperatures and heights derived
from the 100 mb level in cases when thess clouds penetrate to high
levels. The MRIR 15-micron data were not corrected in any way for
cloud effects on the assumption that only very high clouds would
result in significant errors and the averaging of these data would
tend to smooth the few affected radiances.

2. The noisy IRIS data could also contribute to the errors,
although, severe smoothing was applied to eliminate extremes from
occurring. However, this process also eliminated any large, true
signals.

3. Time differences (up to + 6 hours) between the observations
of radiosonde and radiation data. Some of these uncertainties are
due to the actual physical differences in the atmosphere in time.
Time and space differences also introduce errors in the method used
to specify the surface temperature, and the subsequent correction for
cloud contaminated IRIS radiances.

4. The many approximations in the solution of the radiative

transfer equation and the iterative technique to derive temperature
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profiles. Especially contributory to the errors is the uncertainty
in the absorption coefficient of 002 for the 15-micron band. The
specification of the anchor pressure bands in the temperature profile
derivation technique is a possible source of error. Definitely, the
interpolation between anchor levels adds to the errors.

6. The interpolation technique to specify IRIS profiles between
tracks is based on regression, and statistical errors can occur due
to inadequate sample size.

7. Uncertainties can occur due to errors in the radiosonde temper-

atures themselves.
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6.0 SUMMARY AND CONCLUSIONS

To improve the specification of stratospheric horizontal
temperature and geopotential height field from satellite radiation
data, a technique has been derived to estimate vertical pressure-
temperature-height profiles between subsatellite tracks using inter-
polated IRIS 15-micron data. The interpolation is based on the
linear regression of the IRIS and MRIR 15-micron radiance gradients
between points along the tracks for which both are available. The
regression equation is then applied to locations away from the track
where only the MRIR exist. A set of IRIS l15-micron radiances is
specified by the interpolation. In the interpolation each set of
IRIS radiances is corrected for clouds and hot terrain. A tem-
perature-pressure profile is derived from the radiances using an
iterative technique. The temperature profile is adjusted equally
at all levels, until the MRIR 15-micron radiance computed from
the profile equals the measured MRIR radiance at the same location.
Using this derived temperature profile, the hydrostatic equation is
integrated to find geopotential heights. The integration was done
starting at both the surface and a known 100 mb radiosonde height.

This technique was verified by interpolating to radiosonde
locations and ignoring up to 6 hours time difference between radiosonde
and radiation observations. The sample varied from 1126 pairs at
lower levels to 383 pairs at 10 mb using northern hemisphere data
for June 15 to July 20, 1969. The data were also separated into
5 latitude bands and separate analysis done for each band.

The RMS differences of the radiosonde and IRIS derived tem-

peratures were generally between 2 and 5C for all levels above 300 mb.
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For levels below 300 mb, the RMS difference was as high as 9.5C at
1000 mb for the high latitude case. The IRIS temperature was con-
sistently warmer than the radiosonde at 1000 mb but colder at 400 mb.
Generally, the radiosonde temperatures are warmer than the IRIS temp-
eratures above 100 mb. At 50 mb the radiosonde temperature is approx-
imately 2C warmer for all latitudes. The difference decreases upward
and for high latitude cases the IRIS temperature is nearly 4C warmer
than the radiosonde at 10 mb.

The RMS difference of the radiosonde and IRIS heights ranges
from 30 to 280 meters, generally increasing from the surface to
10 mb when the hydrostatic equation was integrated from the surface
to 10 mb. Starting the integration at 100 mb, above the cloud level,
resulted in far lower RMS differences, ranging from 20 to 120 meters
from 70 to 10 mb.

The horizontal gradients of temperature derived by this method
compared favorably with the gradients from NMC computer analysis for
a limited area at the 100, 50, and 10-mb levels. The strict spatial
interpolation between tracks of the IRIS temperatures resulted in the
loss of considerable detail. In the limited comparison, the height
fields derived from the IRIS temperature profiles probably have no
more uncertainty than the radiosonde heights at those levels.

It can be concluded from this study that the interpolated
IRIS derived temperature and height profiles can be determined
accurately enough to improve the temperature gradients between
tracks for stratospheric levels. Such improvements in gradients are
of significant practical importance to high-flying aircraft. This
technique can thus be a useful operational tool, although it could

benefit from an improved understanding of all the error sources.
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Several recommended areas of investigation may improve the
results of using this technique. First, the specification of the
height field might be improved by using a statistical mesthod of
deriving the heights instead of relying on the integration of the
hydrostatic equation. 1In this method a regression relation is
established between IRIS radiances and the heights from radiosondes.
The regression equation is then applied to the interpolated IRIS
radiances to get heights. This method has worked successfully
for tropospheric levels using Satellite Infrared Spectrometer
(SIRS) radiation data (Smith, et al, 1970).

Second, a more detailed study is recommended to find improved
002 transmission coefficients and pressure correction factors to
improve the transmission values used in the solution of the radiative
transfer equation. Third, improvements may possibly be made in the
specification of the anchor pressure levels needed in the temperature
profile derivation scheme.

Fourth, an improved data set may also improve the results. In
this study it was necessary to use noisy IRIS data for the summer
stratosphere. Using noise-free, winter, stratospheric data which

has far greater horizontal temperature and height gradients may

improve the results.
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APPENDIX A

Data Processing

This appendix treats in detail the processing of each of the
three sets of data used in this study. The final location in space
and time of all three sets for the interpplation of the IRIS radiances
to radiosonde locations for verification is also described.

A.1.0 Radiosondes

The radiosonde soundings were taken from the National Meteo-
rological Center Automatic Data Processing (NMC ADP) file data
supplied by the National Climatic Center, Asheville, North Carolina.
Each tape reel had seven days of data for each of the 00Z and 12Z
observations times. Packed binary records contain various types
of observations - radiosondes, pibals, ship reports, aireps, and even
some temperature profiles generated from the Nimbus IITI SIRS data.

The NMC data were subjected to a preprocessing before being merged

with the radiation data. Only land and ship radiosondes were unpacked
and converted to CDC-6600 60-bit binary format. In addition, soundings
with location errors and ones that didn't extend to 70 mb were not
converted. Approximately 400 of the original 1800 to 2000 observations
per observation time remained. By preprocessing the NMC tapes, the
input time was reduced by a factor of 10 when the actual merging of

the three sets of data was done. At that time the NMC data were
transferred from the preprocessed tape to Extended Core Storage, ECS,
one day at a time.

After the location of all three sets of data, the soundings were
further tested and defined from the surface to 0.1 mb. The mixing
ratio of water vapor was computed from the dew point temperature using
the Clausius-Clapeyron equation to find the vapor pressure, e, and the

mixing ratio, W, was defined by

W= .622 e/p 10° (1)
at pressure, p.
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The Northern Hemisphere was divided into five latitude zomnes,
0-22.5°, 22.5-37.5°, 37.5-52.5°, 52.5-67.5°, and 67.5-90°. These
zones correspond to the 5 standard atmospheres for July found in the
U.S. Standard Atmosphere Supplement, 1966. Each radiosonde temperature
profile was extrapolated from its highest level to 0.1 mb by one of
the five standard atmospheres depending on the latitude zone in which

the sounding was located. The mixing ratio was extrapolated by

A

W=W (2)

where WL is the mixing ratio of the next lower pressure level,
P is the pressure of the level for which the mixing ratio is to
be defined,

PL is the pressure of the next lower level,

A is a climatological value given by Smith (1966). For this

report A takes values according to the 5 latitude bands

for summer of 2.75, 2.96, 2.77, 2.62, and 2.10.
The mixing ratio was extrapolated to the tropopause in this manner.
If the mixing ratio at the tropopause was less than 0.002 g kg-l, it
was extropolated to 0.1 mb at that value. 1If the mixing ratio was
greater than 0.002 g kg-l, it was set equal to 0.002 for every
element of the array up to 0.1 mb. Checks were made to determine
that all elements of the radiosonde sounding were defined and
reasonably accurate. If temperatures were found undefined or
unreasonable, all elements at the same level were eliminated.
However, if the temperature element was accepted and the dew point
temperature unacceptable, the dew point value was found by interpo-
lating from higher and lower level values. Heights were found by
hydrostatic integration. At this point in the data processing, the
radiosonde matrix of pressure, height, temperature, and mixing ratio
was complete for all pressure levels for which a temperature element
existed after the checking procedure, including significant levels of

the extrapolated temperature and mixing ratio curves to 0.1 mb.
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A,2.0 1IRIS data

The IRIS data were provided by the National Space Science Data
Center , NSSDC. Approximately two reels of tape contain data for one
day in CDC-6600 binary format. Only portions of the atmospheric spectra
(Record Type 8; See Nimbus III Users! Guide) plus location information
were processed. The data stored in ECS were contained in 130 words
consisting of the radiances for the water vapor, 002 15-micron, and
the ll-micron window portions of the spectrum; however, the water
vapor data were not used. There were at most 5400 spectra available
per day.

Unfortunately, the IRIS spectral data were noisy for the period used
in this work. No attempt was made to use only the relatively good data,
such as data acquired on northbound portions of orbits before playback.
The IRIS data were smoothed spectrally and averaged spatially during
the interpolation process. In addition, if after smoothing and
averaging, the number of iterations required to converge the temperature
profile to the prespecified value was greater than ten, the data were
considered too noisy and this data group was eliminated from the sample.
The spectral smoothing of the radiance was accomplished by using a four~
point linear interpolation scheme to interpolate for the needed wave
numbers from the wave numbers recorded for the IRIS spectrum.

The same set of cloud-free IRIS data used to determine the
adjustments for the CO2 transmissions (Sec. 2.1) was also used to
eliminate excessively noisy data. The IRIS cloud-free data were
grouped into one of five latitude bands for the northern hemisphere
and averages determined for each band. During the processing of
the data each IRIS radiance value was compared to its corresponding
latitude average. If the average radiance for any of the six upper-
most channels, was more thar 3.0 x 10-5 watt cm-'l steradian -1 from
the average, the entire set was eliminated from the sample, as being
too noisy, although cloudiness may also have been a factor.

A.3.0 MRIR Data
The MRIR data were also supplied by NSSDC. One reel of tape

contained approximately one day of data in 36-bit binary format.
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Although data from three of the five channels were read, only the
15-micron channel data were utilized in this study. The data

were stored on a disk file which can be randomly accessed. The

disk was used because the 500,000 60-bit ECS words were filled

with NMC and IRIS data. There were at most 11,520 swaths per day
containing about 81 scan spots. During the merging process, data
spots with nadir angles greater than 45°, data outside the dynamical
limits (190-260°K), data flagged as zero or missing, and duplicated
data were discarded.

A.4.0 Processing to Locate Corresponding Data Sets

All three types of data had gaps of one kind or another. The
radiosondes are not always reported, and some are not usable.
Entire orbits of the radiation data are often not read out, and
often the sensors are not programmed to record. They never record
during playback. A search-sort-merge process is required to find
corresponding data in space and time. All three types of data for
one day are stored in the computer for the sort-search-merge process
to begin.

The IRIS data along the 15-micron MRIR data are used to
generate temperature and subsequent height profiles. The preliminary
data processing is a merging operation to find a group of suitable
IRIS and MRIR 15-micron data for each available radiosonde. The
following sequence of operations is used to match the three corresponding
sets of data in space and time; and thus, to set up data groups for which
the IRIS data can be interpolated to the radiosonde locations. The
processing is done one day at a time.

1. Read one radiosonde sounding from ECS.

2. A circle of sufficient radius surrounding the radiosonde
location is divided into 16 equal sectors. All IRIS spectra
located within 6 hours of the radiosonde time are searched
within a sector. If more than one is found, the one nearest
in space to the radiosonde is retained. All IRIS points,
however, must be within a distance equal to 20° of latitude.
At least 4 IRIS spectra are required to do interpolations.

If four are not found, control goes to the next radiosonde.
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3. A search is made for all MRIR data on the disk within 6
hours of the radiosonde time and within 0.65° of latitude
and 0.65° of longitude/cos(latitude) of the radiosonde
location. If no MRIR data are available, the next radio-
sonde is processed. .
4. For each IRIS spectrum, a search is made for all of the
MRIR data within 6 hours of the spectrum time and within
0.65° of latitude and 0.65° of longitude/cos(latitude).
5. 1If all matching requirements are met, the data are written
onto tape for further processing.
6. Steps 1 through 5 are repeated for each radiosonde sounding.
The radiosonde and its corresponding IRIS and MRIR data is referred
to as an interpolation group. Each of the 35 days of data is processed
in turn. The 23 input tapes per week - 2 NMC, 15 IRIS, and 7 MRIR were

finally condensed into one output tape.
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APPENDIX B

Corrections for Clouds and Hot Terrain

The radiances measured from an atmosphere containing no more than

two levels of clouds can be given by

p
s

Iv=Bly, T(P)] 7 (v, P) - jOB[v, T(p)] dr (v, p) o

—AU{B[V, T(P )] (v, P) - Blv, T(P )] 7(»,Py)

P
L
- Blv, T(p)] dr (v, P)} - A, (1 -AD{Bly, T(P)] 7, P)
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The subscripts U, L refer to the upper and lower level clouds, s refers
to a surface {(cloud or ground) and g is the ground.
The correction which is to be added to the measured radiances to

give the equivalent clear column radiances is defined by

= * (2)
C(V)—AUX[V, P P, T(p)]+A" Y Iy, P, T(p)]

where X and Y are the first and second terms in brackets of Eq. (1),
and A*zAL(l-AU). In computing C, clouds are allowed to exist at any
two-level combination of the standard pressure levels below 150 mb.
Given an estimate of the temperature profile, estimates of the equi-
valent clear column radiances for the three spectral intervals (712.5,

757.7, 899.0 cm-l) most sensitive to clouds are computed using Eq. (1).
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A correction is given by

A A -1
C (v) =1, (v) -1(v) v=1712.5, 757.5, 899 cm (3)

1, is the clear column radiance from Eq. (1) of Section 2.1 and I is
the measured radiance. Values of X and Y are calculated for all
combinations of upper and lower level cloud pressures using the estimated

profiles. A . and A* for all upper and lower level clouds are found

U
from ﬁq. (2) for the spectral intervals 712.5 and 899 cm_l when 6
from Eq. (3) is substituted for C in Eq. (2).

The most probable upper and lower level cloud condition is then
determined froﬁ the 757.5 cm—l spectral interval, the most - robable
cloud condition is specified as that for whicth(u)-g(y) is a
minimum. With these values of the cloud condition, the clear column
radiances for the remaining spectral intervals can be calculated.

The initial temperature profile is determined from the six most
opaque spectral intervals used in this study and the surface (shelter)
temperature. The six opaque radiances define the temperature profile
from about 10 to 100 mb. Levels between 100 mb and the surface are
found by interpolation. Improved estimates of the radiances are used
to estimate another temperature profile from which further cloud
corrections are obtained. This iteration is continued until the
change in the equivalent cléar column radiances is less than a small
predetermined amount. This set of radiances is thereafter treated

the same as clear column radiances in the interpolation scheme.

The correction for hot terrain is obtained by
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K(v) = {B(», T ) - By, Tg)} T (v, P.) (4)

Tsh is the shelter temperature and Tg is the window channel radiative
temperature. K(v) is determined for each spectral interval and sub-

tracted from the measured radiance for that spectral interval.
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Figure l. Atmospheric weighting functions for the 667 cm'1 carbon dioxide absorption
band. The 757.5 cm™' weighting curve peaks at 1000 mb at 1.3. The MRIR
15-micron channel (645-690 cm™~) is also shown (dashed line) for comparison.
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Figure 2. An example of the Interpolation Scheme. The solid dots
represent points for which both IRIS and MRIR exist. The change
between these points is indicated by the subscript i. The
circled dot is the location for which only MRIR is known and
for which the interpolation of the surrounding IRIS is desired.
Change from the known to the interpolated point is marked by

a subscript j.
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Figure 3. Comparison of a low latitude, interpolated IRIS-computed
temperature profile with a radiosonde sounding over Guantanamo,

Cuba, 1200 GMT, June 16, 1969.
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Figure 4. Comparison of a lower-middle latitude, interpolated IRIS-

computed temperature profile with a radiosonde sounding over

Shionomisaki, Japan,

1200 GMT, June 16,
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Figure 5. Comparison of a higher-middle latitude interpolated IRIS-

1

computed temperature profile with a radiosonde sounding over

Maniwaki, Quebec taken at 1200 GMT on June 16, 1969.
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Figure 6. Comparison of a high latitude interpolated IRIS-computed
temperature profile with a radiosonde sounding over Sodankyla,

Finland, 1200 GMT, June 16, 1969.
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Figure 7. The RMS difference between interpolated IRIS-computed
temperature profiles and radiosondes for five northern hemisphere

latitude bands.
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Figure 8. The average temperature difference (radiosonde temperature
minus IRIS temperature) for five northern hemisphere latitude bands.

The sample size for each latitude band is shown in Table 1.
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The RMS difference between interpolated IRIS-computed geopotential
height profiles and radiosondes for five northern hemisphere
latitude bands starting the integration of the hydrostatic
equation at the earth's surface.
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Figure 9(b).
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The RMS difference between interpolated IRIS-computed
geopoténtial height profiles and radiosondes for five

northern hemisphere latitude bands starting at the
100 mb level.

54



PRESSURE (MB)

30

50

100

200

400

700

1000

L
/

0-22.5°
22.5-375° -
375—52.5°
52.5-67.5°
67.5—90.0° -

Nmse”
l

.\ .
o I 1 l /SIS 1
+{40 +{20 +80 +40 (o] —-40

Figure 10(a).

A 2 (METERS)

The average height difference (radiosonde height minus IRIS
heights) for five northern hemisphere latitude bands starting
the hydrostatic integration of the IRIS heights at the surface.
The sample size for the latitude bands are shown in Table 1.
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Figure 11. Portion of the NMC 100 mb map for 1200 GMT June 21, 1969. The solid lines are geopotential
heights in meters and the dashed lines are temperatures in degrees C.
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Figure 12. The 100 mb temperatures derived from interpolated IRIS. The data were acquired from the
orbits shown: 913 from 0943 to 0952, 914 from 1130 to 1139, and 915 from 1317 to 1324 GNMT
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Figure 13. Portion of the NMC 50 mb map for 1200 GMT June 21, 1969. The solid lines are geopotentlal
heights in meters and the dashed lines are temperatures in degrees C.
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Figure l4. ;:;550 mb temperatures (dashed line) and heights (solid line) derived from interpolated
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Table 1. Correlation coefficients, R, for the interpolated IRIS computed
temperature profiles and the radiosonde observed temperatures.
The period is for June 15 to July 20, 1969. N is the sample size.
Pressure | 0-22.5° 22.5-37.5° 37.5-52.5° 52.5-67.5° 67.5-90.0° A1l
Level Latitudes
(mb) N R N R N R N R N R R
1000 61 .50 161 .38 291 .60 186 .65 32 .03 .71
850 72 W25 223 54 522 .74 269 .73 33 .64 .77
700 74 .52 225 .51 525 T4 269 W72 33 .71 .82
500 74 .33 223 .23 521 .55 269 47 33 .77 .68
400 74 34 224 .36 523 .53 269 .38 33 .88 .62
300 74 .56 224 .61 523 .74 268 .57 33 .59 .80
250 51 47 193 .68 453 W72 229 .62 19 .34 .78
200 73 .25 224 .54 525 .65 269 .78 32 .75 .67
150 73 42 222 .72 520 .80 266 .62 33 .68 .89
100 74 .72 225 .86 525 .88 269 67 33 .32 .96
70 72 47 221 .66 516 .73 263 44 33 .28 .92
50 67 .33 213 .28 497 .66 246 .42 33 .25 .87
30 64 .07 180 .14 388 .52 208 .53 27 .19 .75
20 55 .12 136 .25 323 .41 155 .50 23 .64 64
10 36 .50 87 .22 170 .32 88 .30 7 W41 .59
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Table 2.

Correlation coefficients for the IRIS derived height profile
The height profiles were com-

and the radiosonde heights.
puted by using the interpolated IRIS computed temperature

profile starting with the radiosonde surface height and the

100-mb height.

The sample size is given in Table 1.

Period of sample was June 15 to July 20, 1969.

Integration from Surface Integration from 100 mb.
[ Latitude Bands Latitude Bands
Pressure
Level 0 22.5 137.5 |52.5 167.5 |All 0 22.5137.5152.5} 67.5| All
(mb) 22,51 37.5 |52.5 |67.5 {90.0 | Lat. 22.51 37.5]52.5|67.5] 90.0 | Lat.
1000 454 .593 | .635 |.626 |.633 |.610
850 671 .524 1.870 1.711 1.589 |.708
700 .585 .508 |.833 |.728 |.589 |.734
500 . 432 449 | .812 {.749 |.667 |.783
400 .385 .379 |.782 1.728 ].723 1.789
300 .307 .313 |.765 |.706 |.744 | .794
250 .378 412 |.775 [.715 |.716 |.828
200 .304 .302 1.770 |.642 |.744 ].802
150 .232 .424 1,720 |.565 1.684 |.783
100 .072 .083 |.514 |.475 |.617 |.478
70 .182 .134 |.308 |.430 |.595 |.350 .842 | .941 ].965 | .969 ].980 |.960
50 .286 .106 |.253 |.389 }.595 |.487 .581 | .825 |.896 {.900 |.904 |.915
30 .325 .066 |.266 }.414 [.429 |.659 463 | .664 |.809 |.833 |.735 |.899
20 .365 106 |.343 }|.429 |.566 |.742 .141 ) ,532 }.750 |.750 [.706 |.883
10 .481 .106 |.387 |.434 |.858 [.790 .392 | .431 |.628 |.682 |.718 |.870
NASA-Langley, 1971 —— 20 61




